Purpose: To investigate whether microRNA (MIR)-184 mutations make a substantial contribution to keratoconus (KCN) among affected Iranian patients. Methods: A total of 47 Iranian KCN patients, diagnosed based on family history, clinical examinations using slit lamp biomicroscopy, refraction and corneal topography were enrolled in this study. The pri-miR-184 encoding gene obtained from the DNAs of all participants was amplified using polymerase chain reaction and subsequently sequenced by the Sanger dideoxynucleotide protocol. The sequences were compared to MIR184 reference sequence in order to identify sequence variations. The potential effects of a single variation observed on RNA structure was predicted. Results: Only one sequence variation, +39G >T, was observed within the pri-miR-184 encoding sequence in one proband. The patient's KCN-affected sister harbored the same variation. The variation was not novel and was recently shown to be present at similar frequencies among large cohorts of KCN patients and control individuals. Conclusion: Mutations in MIR-184 are not a major cause of keratoconus among Iranian patients. The pri-miR-184 sequence needs to be screened in larger cohorts in order to establish whether mutations in the gene are present at low frequencies among Iranian patients.
INTRODUCTION
allow the diagnosis of mild cases (i.e. computerized corneal topography and in vivo confocal microscopy) are used. [3, 4] Despite intensive investigations, the underlying cellular and molecular mechanisms of KCN have remained poorly understood. [1, 5, 6] Although KCN usually appears to be sporadic, twin studies and family-based studies have provided convincing evidence for the existence of a genetic component in the etiology of the disease. [7] Inheritance pattern in familial cases is usually autosomal dominant with incomplete penetrance. [8] It has been proposed that genetic backgrounds in some cases may create a genetic predisposition to KCN which manifests upon exposure to precipitating environmental factors. Candidate gene approaches, [9] [10] [11] [12] [13] [14] genome-wide association studies, [15] [16] [17] and family-based linkage analyzes have been used to identify potentially causative genes. [10, [18] [19] [20] VSX1 that encodes visual system homeobox 1 and SOD1 that encodes superoxide dismutase 1 were among candidate genes which received considerable attention; however, their potential contribution are now highly controversial. [9] [10] [11] Linkage studies in two large KCN pedigrees ultimately led to the identification of mutations in DOCK9 encoding dedicator of cytokinesis 9 and microRNA (MIR)-184 encoding miR-184 as causatives of the disease. [10, [18] [19] [20] The affected members of an Irish family with the MIR184 mutation were diagnosed with combined early-onset autosomal dominant polar cataract and clinically severe KCN. [19] The mutation was identified only after deep sequencing of a 5 Mb linked region. [18] This represented only the second report of a mutation in an miRNA coding gene as the cause of a mendelian disease, the other being a mutation in miR-96 which caused a form of hereditary deafness. [21] microRNA-184 is of particular interest because putative mutations in the gene were subsequently reported in a family affected with endothelial dystrophy, iris hypoplasia, congenital cataract and stromal thinning (EDICT "endothelial dystrophy, iris hypoplasia, congenital cataract and stromal thinning"; OMIM number 614303), [22] and in two families affected with pure KCN. [23] miR-184 is expressed in the central corneal epithelial basal and suprabasal cells, and in the crystalline lens epithelium. [24, 25] miR-184 is the most abundant miRNA in both the cornea and the crystalline lens. [25] It was shown in ex vivo studies that miR-184 can competitively inhibit the binding of miR-205 to mRNA of the inositol polyphosphate phosphatase-like 1, [26] and integrin beta 4 genes. [18] Through this mechanism, miR-184 prevents knock-down by miR-205 and rescues the production of encoded proteins. [18] Both proteins are potentially relevant to corneal functions. Recently, miR-184 was shown to regulate the differentiation of human-induced pluripotent stem cells into corneal epithelial-like cells. [27] Herein, we aimed to establish whether MIR184 mutations make a substantial contribution to KCN disease among affected Iranian patients by direct sequencing of the entire coding sequence of the pri-miRNA in 47 unrelated patients.
METHODS
The present research was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Board of the University of Tehran, Tehran, Iran. All participants or their responsible guardians consented to participate after being informed of the nature of research.
We included 47 unrelated patients diagnosed with KCN. The diagnosis made by a cornea subspecialist (NN) and was based on clinical findings including slit lamp biomicroscopy and refraction, and corneal topography [ Figure 1 ]. Out of 47 Iranian KCN patients, 25 had a positive family history of KCN where at least one individual was diagnosed with KCN in their families. In the remaining 22 subjects, the disease was apparently sporadic. Mean age at the time of diagnosis was 21.8 (range 9-41) years and 20 (range 4-32) years in familial and sporadic patients, respectively. Eighteen patients (38%) were female.
DNA was isolated from peripheral blood leukocytes by standard protocols. A 465 bp DNA fragment which includes the entire priRNA encoding sequence of miR-184 (miRBase sequence MI0000481; http:// www.mirbase.org/) was amplified from the DNAs by polymerase chain reaction. The sequences of forward and reverse primers used were 5 
' -G A G G C C A G A G C A A A G T A G A A G G -3 ' and 5 ' -A G A C C C T A A A C C C A G T C G C A -3 ', respectively.
Sanger sequencing of the amplicons was performed and the sequence results were compared to the reference sequence (miRBase MI0000481) using Sequencher version 4.7 software (Ann Arbor, MI, USA).
The effect of the single sequence variation, observed within the pre-miRNA encoding region on secondary structure, was computationally predicted using mFold. (http://unafold.rna.albany.edu/?q = mfold/ rna-folding-form) and RNAfold (http://www.rna.tbi. univie.ac.at/cgi-bin/RNAfold.cgi).
RESULTS
Only one variation in the pri-miR-184 encoding gene was observed in one female patient who was a familial case [ Figure 2 ]. The variation was present in heterozygous state. The same variation which was + 39G>T (position 1 = first nucleotide of pri-miRNA) was also observed in her affected sister. The two sisters were diagnosed at the age of 17 and 27 years. Neither of the parents was available for examination, but the sisters reported that their parents were not affected with an ocular disease. The variation was at a site preserved in the pre-miRNA but not preserved in the mature miRNA. The potential deleterious effects of the variation were assessed using the bioinformatics tools mFold and RNAfold. It was predicted that the variation caused an increase in the size of the terminal loop of the pri-miRNA by one nucleotide and removed a bulge in the proximity of the Dicer cutting site [ Figure 3 ]. In terms of free energy, both programs predicted very similar values for the wild type and variant pri-miRNAs (mFold: −35.5 and −35.0 Kcal/mole for wild type and variant molecules, respectively; RNAfold: −35.3 and −35.1 Kcal/mole for wild type and variant molecules, respectively).
DISCUSSION
The potential deleterious effect of the variation found in the present study was assessed using bioinformatics analysis which did not provide definitive evidence on the functional consequence of the single observed variation. The + 39G > T variation is not novel (rs41280052) and has been reported at a low frequency of 0.006 in the dbSNP Prompted by its position within the pre-miRNA and its low frequency, other researchers during the course of our study determined and compared its frequency in large cohorts including 692 Caucasian KCN patients and 1865 control subjects. [23] The frequencies in the two groups were 1.3% and 1.7%, respectively which are not significantly different. This finding strongly argues against a potential role for the rs41280052 variation in KCN etiology. As such, we surmise that the + 39G > T variation in the two Iranian KCN siblings was not the cause of their ocular condition. Therefore, we did not find a disease-causing mutation in the pri-miR184 encoding gene among 47 Iranian patients studied. This indicates that mutations that affect miR-184 function are not a major cause of keratoconus among Iranian patients. Clearly, the pri-miR-184 sequence needs to be screened in larger cohorts in order to determine whether mutations in the gene are present at low frequencies among Iranian patients. Furthermore, because mutations in the pri-miR-184 have been identified as a causative factor in KCN in some studies, the target genes of this RNA should be considered as potential contributors to the etiology of keratoconus. [18, 23] Figure 3. RNA-Fold prediction of the effect of +39G>T variation on pri-miR-184 secondary structure; the variation is shown by arrow. It is predicted that the size of the terminal loop would be increased by one nucleotide to delete a bulge in the proximity of the Dicer cleavage site.
